Introduction
POEA and other surfactants are not typically added to commercial preparations sold for 136 use in aquatic environments, such as Dow Agrosciences' Rodeo ® aquatic herbicide 137 (Rodeo), since surfactants are known to have harmful effects to aquatic organisms (40-138 42). Correspondence with Dow technical services confirmed that there are no 139 surfactants present in Rodeo.
141
Since glyphosate is never applied as the sole ingredient in an herbicide, one must also 142 consider the "other ingredients" to properly assess the toxicity of the full GBH product The culture water varies widely and includes synthetic water (43), Aachener Daphnien 153 Medium (27), Elendt-M7 medium (40, 41, 44) , and "moderately hard synthetic 154 freshwater" (42). Survival assessments with EC50 or LC50 to the GBHs or glyphosate 155 are typically at 24 or 48 hours with 48 appearing to be the most common (27, 42, 45) . 156 Tests regarding the toxicity of the GBHs' surfactants or residues have generally used an EC50 or LC50 at 48 hours (40, 42, (45) (46) (47) . The surfactants tested vary from those 158 supplied by Monsanto (45) to general surfactants (40) and the known surfactant in 159 Roundup ® , POEA (42, 48) . 160 161 In this paper, we attempt to separate the effects of the active and undisclosed 162 ingredients that may be involved in GBH toxicity by comparing the full GBH product to 163 the known ingredients alone. We examined the effects on heart rate and survival over 164 more discrete and shorter time periods than previously used. Our approach sought to 165 mimic the natural environment and reduce stress during testing. Here, we report the invertebrate and a well-established model organism for toxicological studies (49, 50) . 172 Because it is a filter feeder, it is rapidly responsive to suspended or dissolved 173 substances, allowing for simple and efficient toxicological testing of chemicals (49, 50) . 174 D. magna is also transparent and its heart rate can be directly observed with a stereo 175 microscope (35). We hypothesized that the herbicide commercial formulations would be 176 the most toxic and would affect both the heart rates and survival more than the 
309
Kaplan-Meier survival curves were generated in Microsoft Excel and median time until Heart rate experiments were performed with a 0% control. There is a wide range of 316 resting heart rates for control groups, ranging 126-546 BPM at a temperature of 21˚C. 325 We first performed a study examining the effects of successively more narrow 326 concentration ranges of Roundup-WGK on heart rate. For the 10% to 100% 327 concentrations, D. magna heart rates dropped to 0 BPM within 8 minutes ( Fig 1A) with 328 an average heart rate significantly lower (p<0.001) than the control. To further explore 329 the effects of concentrations between 0% and 10%, we performed two more 330 experiments. In the second experiment, D. magna heart rates dropped to 0 BPM in less 331 than 30 minutes for the 3%, 5%, 7%, and 10% concentrations ( Fig 1B) . In the third 332 experiment, with lower concentrations, D. magna heart rates again dropped to 0 BPM in 333 less than 30 minutes for the 5% and 10% concentrations. For the 0.1%, 0.5%, and 1% 334 concentrations, D. magna heart rates remained within the normal range set by the 335 control ( Fig 1C) . 
Roundup-WGK

345
3%, 5%, 7%, and 10% Roundup-WGK. Heart rates showed a clear dose response above 1% Roundup-WGK.
346
The D. magna in the 7% and 10% concentrations had average heart rates significantly below that of the control 
Rodeo-Recommended and Rodeo-2%
353
The 5% to 25% solutions reduced their heart rates to approximately 75% of the control 354 within 45 minutes (Fig 2A) . The 75% to 100% concentrations of the Rodeo- 
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With the exception of the 50%, there was a general trend for the higher concentrations 400 of 25% to 200% to show decreasing heart rates in a dose-response pattern. Average 401 heart rates in the 0.1%, 0.5%, 10%, 25%, 50%, and 200% Rodeo-2% groups were 402 significantly different from control heart rates (p<0.05) ( Figs 3A, 3B and 3C) . 
415
Concentrations are divided into 2 graphs for clarity and to match the concentration groupings of the previous 416 experiments. All concentrations presented here share the same control. A) Heart rates in the concentrations 417 0%, 5%, 10%, 25%, 50%, and 100%. B) Heart rates in the concentrations 0%, 0.1%, 0.5%, 1%, and 75%.
418
For the tested concentrations, the heart rates remained steady and did not show a dose-response pattern.
419
The heart rates of D. magna in the 5%, 10%, 25%, 50%, and 75% glyphosate groups were significantly 420 different from those of the controls (p<0.05).
422
POEA
423
In the POEA test groups, the D. magna heart rates ranged from approximately 15% to 424 100% of the control group, following no clear dose response (Figs 5A and 5B) . The 5% 425 concentration showed steep jump in heart rate ( Fig 5A) . Average heart rates in all 426 solutions ≥1% except for the 25% POEA solution were significantly lower than control Figs A and B) , only the Rodeo-2% results at 100% concentration were 485 statistically significant from the control (p<0.05) (S2 Fig B) . The heart rates for the 1% concentration of the POEA stock remained within the normal 488 range set by the control (S2 Fig C) . The 25% and the 100% concentrations had lower 489 heart rates at less than 50% of the control for the entire 60-minute observation period 490 (S2 Fig C) . Unlike the 100% concentrations of Rodeo-Recommended and Rodeo-2% 491 (S2 Figs A and B) , the POEA concentrations did not cause any sharp changes in heart 492 rates over time (S2 Fig C) . POEA heart rates remained steady and level, but with 493 significantly (p<0.05) reduced BPM for the 25% and 100% concentrations. (S2 Fig. C) . 
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Recommended and Rodeo-2%, the 25%, 50%, and 75% concentrations were tested on a separate day from the rest. 
Mock-GBH (POEA + Glyphosate)
554
The Mock-GBH groups did not follow a dose-response pattern (Table 4, As summarized in Table 5 , glyphosate alone had the least effect on D. magna heart 581 rates out of all test substances and showed no effect on survival rates (Fig 4, Table 4 , we diluted the full products for dose response testing using percent rather than diluting 591 to a specific concentration in weight/volume of glyphosate or POEA. These results 592 emphasize the probable deleterious effects of unlisted ingredients in herbicides. (Table 4) .
602
Heart and survival rates largely decreased following exposure to the Mock-GBH 603 compared to controls (Fig 6, Table 4 and S8). However, the Roundup-WGK, Rodeo-
604
Recommended and Rodeo-2% solutions decreased heart and survival rates to a much 605 greater extent (Fig 1-3, Our results agree with previous studies questioning the safety of the unlisted ingredients 618 in GBHs (27, 29, 37, 38) . This is supported by our results that show greater negative 619 impacts on heart rates and death rates of the full GBH products compared to our mock 620 GBH solution or glyphosate alone. The 5% solution of the Roundup-WGK killed all the 621 D. magna within 10 minutes, while the solution of 5% Mock-GBH caused a death rate of 622 50% within the 8-hour observation period (Table 4, (6, 10) . In this investigation, we were unable to procure glyphosate formulations other 645 than pure glyphosate. For researchers to accurately assess safety concerns, we 646 propose three changes to the current GBH research environment: We hope our investigation emphasizes the need for peer-reviewed research of 655 herbicide safety and the need to improve the transparency of product testing. This could 656 improve the public's confidence in government safety assessments.
657
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